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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a two- 
dimensional photonic crystal face emitting laser and 
its manufacturing method which improves the 

utilization efficiency of surface emitted light by 50% or 1 2 11 <n 

more. 

SOLUTION: There is provided two-dimensional 
photonic crystal face emitting laser which includes a 
photonic crystal periodic structure 21a in which there 
are laminated on a substrate a lower clad layer 12, an 
active layer for emitting light by doping a carrier, and 
an upper clad layer, and a refractive index period is 
arranged in the lower clad layer 12 two dimensionally, 
and in which light is surface-emitted from the upper 
surface of the upper clad layer by resonating it with 
the periodic structure 21a. The width of a cross sectional shape of the periodic structure 
21a with respect to the crystal plane is gradually reduced in the direction of the light 
emission, whereby primary diffraction light L2 directed downward is suppressed, while the 
quantity of primary diffraction light L1 directed upward is correspondingly increased. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two-dimensional photograph nick crystal-face luminescence laser characterized by the 
width of face of the cross-section configuration over the crystal face of said photograph nick crystal 
period structure gradually decreasing along the main luminescence direction in the two-dimensional 
photograph nick crystal-face luminescence laser equipped with the photograph nick crystal period 
structure which put the barrier layer which emits light by impregnation of a carrier by the cladding 
layer, and has arranged the refractive-index period two-dimensional to this cladding layer or this 
barrier layer. 

[Claim 2] Two-dimensional photograph nick crystal-face luminescence laser according to claim 1 
characterized by being the multistage configuration which said cross-section configuration of the 
photograph nick crystal period structure approximated in the shape of a triangle. 
[Claim 3] Two-dimensional photograph nick crystal-face luminescence laser according to claim 1 
characterized by being the parallel-crosses structure on top of which the photograph nick crystal 
period structure laid the cross-section about 3 square shape-like object. 
[Claim 4] The manufacture approach of the two-dimensional photograph nick crystal face 
luminescence laser which be the manufacture approach of two-dimensional photograph nick crystal 
face luminescence laser according to claim 1 , and be characterize by extinguish the level difference 
section and form an inclined plane according to the mast lance port effectiveness when the vertical 
cross section configuration as opposed to the crystal face for the photograph nick crystal period 
structure be process by the photolithography method in the shape of [ which have a level difference ] 
about 3 square shapes . 

[Claim 5] The manufacture approach of the two-dimensional photograph nick crystal-face 
luminescence laser characterized by extinguishing the level difference section and forming an 
inclined plane according to the mast lance port effectiveness when the triangle-like object which is 
the manufacture approach of two-dimensional photograph nick crystal-face luminescence laser 
according to claim 3, and constitutes the photograph nick crystal period structure is processed on 
multistage by the photolithography method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention equips two-dimensional photograph nick crystal-face 
luminescence laser and its manufacture approach, the barrier layer that emits light by impregnation 
of a carrier especially, or its near with the photograph nick crystal period structure which has 
arranged the refractive-index period two-dimensional, resonates with a photograph nick crystal and 
relates to the two-dimensional photograph nick crystal-face luminescence laser which carries out 
field luminescence, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, from the substrate side, perpendicularly, the surface 
emission-type laser which carries out outgoing radiation of the laser beam is developed variously, 
and is studied. Since a surface emission-type laser can accumulate many components on the same 
substrate (array-izing) and outgoing radiation of the coherent light is carried out in juxtaposition 
from each component, the application in the field of a juxtaposition optical pickup, juxtaposition 
optical transmission, and optical juxtaposition information processing is expected. 
[0003] As this kind of a surface emission-type laser, the two-dimensional photograph nick crystal- 
face luminescence laser using a photograph nick crystal is indicated by JP,2000-332351,A. It is the 
crystal which has a refractive-index period with a photograph nick crystal comparable as the 
wavelength of light, or smaller, and it is as possible as a band gap arises in an electronic state in the 
crystal of a semi-conductor in the multi-dimension period structure of a dielectric for the wavelength 
range (photograph nick band gap) which controls the guided wave of light to arise, and to confine 
light in two-dimensional or a three dimension by the same principle. 

[0004] Two-dimensional photograph nick crystal-face luminescence laser given [ said ] in an official 
report is equipped with the photograph nick crystal period structure which has arranged the 
refractive-index period two-dimensional near the barrier layer which emits light by impregnation of 
a carrier, and it resonates with a photograph nick crystal and it carries out field luminescence. 
[0005] As shown in drawing 8 , the laminating of the lower cladding layer 12, a barrier layer 13, and 
the up cladding layer 14 is carried out on an outline and a substrate 11, and, specifically, as for this 
two-dimensional photograph nick crystal-face luminescence laser 10, the two-dimensional 
photograph nick crystal 20 is built in the lower cladding layer 12 near the barrier layer 13. 
[0006] A substrate 1 1 consists of a semiconductor material of the n mold InP. The lower cladding 
layer 12 and the up cladding layer 14 are semi-conductor layers of n mold and the p mold InP, 
respectively, for example, and its refractive index is lower than a barrier layer 13. The two- 
dimensional photograph nick crystal 20 consists of holes (photograph nick crystal period structure 
21) formed in the lower cladding layer 12, and consists of the tetragonal lattice and triangular grid 
from which the medium by which refractive indexes differ was arranged with the two-dimensional 
period in the lower cladding layer 12. It may be filled up with SiN etc. in a hole. The barrier layer 1 3 
consists of multiplex quantum well structure where the semiconductor material of for example, an 
InGaAs/InGaAsP system was used, and emits light by impregnation of a carrier. 
[0007] On both sides of a barrier layer 13, a double heterojunction is formed by the lower cladding 
layer 12 and the up cladding layer 14, and the carrier which shuts up a carrier and is contributed to 
luminescence is centralized on a barrier layer 13. 
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[0008] The lower electrode 16 and the up electrode 17 which consist of gold etc. are formed in the 
base of a substrate 1 1, and the top face of the up cladding layer 14. By impressing an electrical 
potential difference between an electrode 16 and 17, a barrier layer 13 emits light and the light which 
leaked from this barrier layer 1 3 carries out incidence to the two-dimensional photograph nick 
crystal 20. The light whose wavelength corresponds with the lattice spacing of the two-dimensional 
photograph nick crystal 20 resonates with the two-dimensional photograph nick crystal 20, and is 
amplified. Thereby, field luminescence of the coherent light is carried out from the top face 
(luminescence field 18 located in the perimeter of an electrode 17) of the up cladding layer 14. 
[0009] Here, a resonance operation is explained about the two-dimensional photograph nick crystal 
20 which consists of a tetragonal lattice as shown in drawing 9 . In addition, a grid configuration 
may be not only a tetragonal lattice but a triangular grid etc. 

[0010] The two-dimensional photograph nick crystal 20 consists of a tetragonal lattice formed in the 
1 st medium 12 the same period as the 2-way which intersects perpendicularly with the 2nd medium 
21 , such as a hole. The tetragonal lattice has the typical direction of the direction of gamma-X, and 
the direction of gamma-M. If spacing of the 2nd medium 21 which adjoins in the direction of 
gamma-X is set to a, the primitive lattice E with which one side which made the 2nd medium 21 the 
lattice point consists of squares of a is formed. 

[001 1] If the light L whose wavelength lambda corresponds with the lattice spacing a of a primitive 
lattice E advances in the direction of gamma-X, the secondary light L will be diffracted in the lattice 
point. Among these, only the light diffracted in the direction (0 degree, **90 degrees, and 180 
degrees) to the travelling direction of Light L fulfills a Bragg condition. Furthermore, since the 
lattice point exists also in the travelling direction of the light diffracted in the direction (0 degree, 
**90 degrees, and 1 80 degrees), the diffracted light is again diffracted in 0 degree, **90 degrees, and 
the direction of 1 80 degree to a travelling direction. 

[0012] If Light L repeats the secondary diffraction of 1 time or multiple times, since the diffracted 
light returns at the original lattice point, a resonance operation will arise. Moreover, the light 
diffracted in the primary direction perpendicular to space also fulfills a Bragg condition. For this 
reason, outgoing radiation of the light amplified by resonance will be carried out through the up 
cladding layer 14, and it will have a field luminescence function. Moreover, since this phenomenon 
arises in all the lattice points, coherent laser oscillation is possible throughout the inside of a field. 
[0013] 

[Problem(s) to be Solved by the Invention] By the way, in said two-dimensional photograph nick 
crystal-face luminescence laser, the periodic structure 21 is formed cylindrical, the shape of an 
elliptic cylinder, and in the shape of the square pole, and as shown in drawing 10 , the vertical cross- 
section configuration over the crystal face has become square-like. 

[0014] Thus, a light according that the vertical section configuration of the periodic structure 21 is a 
square to primary diffraction is divided by the same reinforcement (50% and 50%) as the outgoing 
radiation light LI to the upper part, and the outgoing radiation light L2 to a lower part. The light 
used as a laser beam is either of the outgoing radiation light LI and L2, and had the trouble that the 
use effectiveness of light was low. 

[0015] Then, the purpose of this invention is to offer the two-dimensional photograph nick crystal- 
face luminescence laser which can raise the use effectiveness of the light by which field 
luminescence is carried out to 50% or more, and its manufacture approach. 
[0016] 

[The configuration, an operation, and effectiveness] of invention In order to attain the above 
purpose, the two-dimensional photograph nick crystal-face luminescence laser concerning this 
invention puts the barrier layer which emits light by impregnation of a carrier by the cladding layer, 
and is characterized by for the width of face of the cross-section configuration over the crystal face 
of said photograph nick crystal period structure to gradually decrease along the main luminescence 
direction in the two-dimensional photograph nick crystal-face luminescence laser equipped with the 
photograph nick crystal period structure which has arranged the refractive-index period two- 
dimensional to this cladding layer or this barrier layer. 

[0017] If it is in this two-dimensional photograph nick crystal-face luminescence laser, said cross- 
section configuration of the photograph nick crystal period structure may be a multistage 
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configuration approximated in the shape of a triangle. Moreover, the photograph nick crystal period 
structure may be the parallel-crosses structure which piled up the cross-section about 3 square shape- 
like object. 

[0018] In the two-dimensional photograph nick crystal-face luminescence laser concerning this 
invention, the light which leaked from the barrier layer carries out secondary diffraction (resonance), 
is amplified by the periodic structure of a photograph nick crystal, and carries out field luminescence 
from a cladding layer by primary diffraction. Since the width of face of a vertical cross-section 
configuration is dwindling the periodic structure along the main luminescence direction, the primary 
diffraction to the direction of a base is stopped, and they are diffracted the 1st order in the about 3 
square shape-like direction of top-most vertices. [ more ] Therefore, 50% or more of efficiency for 
light utilization can be acquired by using the light diffracted in the primary direction of top-most 
vertices as field luminescence. 

[0019] On the other hand, said two-dimensional photograph nick crystal-face luminescence laser can 
be manufactured by extinguishing the level difference section and forming an inclined plane 
according to the mast lance port effectiveness, when the vertical cross-section configuration as 
opposed to the crystal face for the photograph nick crystal period structure is processed by the 
photolithography method in the shape of [ which has a level difference ] about 3 square shapes. 
[0020] Moreover, the two-dimensional photograph nick crystal-face luminescence laser which made 
the photograph nick crystal period structure the parallel-crosses structure which piled up the cross- 
section about 3 square shape-like object can be manufactured by extinguishing the level difference 
section and forming an inclined plane according to the mast lance port effectiveness, when the 
triangle-like object which constitutes the photograph nick crystal period structure is processed on 
multistage by the photolithography method. 
[0021] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the two-dimensional photograph 
nick crystal-face luminescence laser concerning this invention and its manufacture approach is 
explained with reference to an accompanying drawing. 

[0022] (Refer to the 1st operation gestalt and drawing 1 ) As the 1st operation gestalt of the two- 
dimensional photograph nick crystal-face luminescence laser concerning this invention shows the 
important section cross section to drawing 1 , the vertical cross-section configuration over the crystal 
face of photograph nick crystal period structure 21a is made into the shape of a triangle, and periodic 
structure 21a is formed in the lower cladding layer 12. Other configurations make the same the two- 
dimensional photograph nick crystal-face luminescence laser 10 and the fundamental configuration 
which were shown in drawing 8 , are manufactured using an ingredient of the same kind, and carry 
out field luminescence according to the same resonance operation. 

[0023] The periodic structure 21 shown in drawing 8 consists of the shape of a cylindrical shape, 
elliptical, and a square pole configuration. Periodic structure 21a in a **** 1 operation gestalt is the 
cone configuration corresponding to those configurations, an elliptic cone configuration, and a 
square drill configuration. Although secondary diffraction is generated like the conventional periodic 
structure 21, generating of the primary diffracted light L2 to the direction of a base of the periodic 
structure 21 (the shape of a triangle) is suppressed, and outgoing radiation of more primary diffracted 
lights LI is carried out in the triangle-like direction of top-most vertices. Now, the use effectiveness 
of light will improve. 

[0024] (Refer to the 2nd operation gestalt and drawing 2 ) As the 2nd operation gestalt of the two- 
dimensional photograph nick crystal-face luminescence laser concerning this invention shows the 
important section cross section to drawing 2 , it considers as the three-step configuration which 
approximated the vertical cross-section configuration over the crystal face of photograph nick crystal 
period structure 21b in the shape of a triangle, and periodic structure 21b is formed in the lower 
cladding layer 12. Other configurations make the same the two-dimensional photograph nick crystal- 
face luminescence laser 10 and the fundamental configuration which were shown in drawing 8 , are 
manufactured using an ingredient of the same kind, and carry out field luminescence according to the 
same resonance operation. 

[0025] Periodic structure 21b in a **** 2 operation gestalt is also the three-step pyramid 
configuration of a cone configuration, an elliptic cone configuration, and a square drill configuration. 
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Although the use effectiveness of the primary diffracted light LI in which the primary diffracted 
light L2 increases a little, carries out field luminescence, and is used as compared with said 1st 
operation gestalt falls a little, the conventional vertical section of use effectiveness of light is 
improving compared with the periodic square-like structure 21. 

[0026] (Refer to the 3rd operation gestalt and drawing 3 ) As the 3rd operation gestalt of the two- 
dimensional photograph nick crystal-face luminescence laser concerning this invention shows the 
important section cross section to drawing 3 , it considers as the two-step configuration which 
approximated the vertical cross-section configuration over the crystal face of photograph nick crystal 
period structure 21c in the shape of a triangle, and periodic structure 21c is formed in the lower 
cladding layer 12. Other configurations make the same the two-dimensional photograph nick crystal- 
face luminescence laser 10 and the fundamental configuration which were shown in drawing 8 , are 
manufactured using an ingredient of the same kind, and carry out field luminescence according to the 
same resonance operation. 

[0027] Periodic structure 21c in a **** 3 operation gestalt is also the two-step pyramid configuration 
of a cone configuration, an elliptic cone configuration, and a square drill configuration, and is 
positioned also as a modification of said 2nd operation gestalt. Although the use effectiveness of the 
primary diffracted light LI in which the primary diffracted light L2 increases a little, carries out field 
luminescence, and is used as compared with the 2nd operation gestalt falls a little, the conventional 
vertical section of use effectiveness is improving compared with the square periodic structure 21. 
[0028] (Refer to the manufacture approach, drawing 4 , and drawing 5 ) Here, the processing 
processes (the photolithography method or electron-beam-lithography method) of photograph nick 
crystal period structure 21b which is the important section are explained about the manufacture 
approach of the two-dimensional photograph nick crystal-face luminescence laser shown with said 
2nd operation gestalt. In addition, the process which forms a lower cladding layer, a barrier layer, 
and an up cladding layer is the same as usual. 

[0029] First, after applying a resist 3 1 on lower cladding layer 12b (refer to drawing 4 (A)) and 
carrying out patterning of this resist 3 1 (refer to drawing 4 (B)), specified quantity etching 
processing of the lower cladding layer 12b is carried out (refer to drawing 4 (C)). 
[0030] Next, a resist 3 1 is removed, the new resist 3 1 is applied (refer to drawing 4 (D)), and while 
carrying out patterning of this resist 31, specified quantity etching processing is carried out further 
(refer to drawing 4 (E)). 

[0031] Next, the new resist 31 is applied (refer to drawing 4 (F)), a resist 31 is removed, while 
carrying out patterning of this resist 3 1 , specified quantity edging processing is carried out further 
(refer to drawing 4 (G)), and a resist 31 is removed (refer to drawing 4 (H)). It means that 
photograph nick crystal period structure 21b of a three-step pyramid configuration was formed now 
in lower cladding layer 12b. 

[0032] Then, welding of the lower cladding layer 12b is carried out on lower cladding layer 12a by 
which is made to carry out front flesh-side reversal of the lower cladding layer 12b (refer to drawing 
5 (A)), and the laminating is carried out on the substrate 1 1 (refer to drawing 5 (B)). The condition of 
having completed is as being shown in drawing 5 (C). In addition, the laminating of a barrier layer 
13 and the up cladding layer 14 is beforehand carried out to lower cladding layer 12b. Moreover, 
after that, as shown in drawing 8 , the lower electrode 16 is formed in the inferior surface of tongue 
of a substrate 11, and the up electrode 17 is formed in the top face of the up cladding layer 14. 
[0033] Moreover, if the level difference section is extinguished and an inclined plane is formed 
according to the well-known mast lance port effectiveness when lower cladding layer 12b is 
processed by the photolithography method, the vertical section shown with said 1 st operation gestalt 
can form triangle-like periodic structure 21a. 

[0034] A mast lance port produces strongly III-V group semi-conductors, such as InP, InGaAs, 
InGaP, InAs, GaAs, GaP, and AlGaAs, in hydrogen gas, nitrogen gas, or the ambient atmosphere of 
rare gas by adding 450 degrees C or more of heat treatments for 30 minutes or more. This condition 
is almost the same also at the formation process of the inclined plane in the 4th operation gestalt 
explained below. 

[0035] (Refer to the 4th operation gestalt, drawin g 6 , and dra wing 7 ) The 4th operation gestalt of 
the two-dimensional photograph nick crystal-face luminescence laser concerning this invention 
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constitutes the two-dimensional photograph nick crystal 20 of parallel-crosses structure by cross- 
section triangle-like the land parts 22a and 23a and Slots 22b and 23b which were formed in the 
direction which intersects perpendicularly with the opposed face of the lower cladding layers 12a 
and 12b mutually, as shown in drawing 6 . Other configurations make the same the two-dimensional 
photograph nick crystal-face luminescence laser 10 and the fundamental configuration which were 
shown in drawing 8 , and are manufactured using an ingredient of the same kind. Therefore, in 
drawing 6 , the same sign is given to the same member as drawing 8 . 

[0036] The two-dimensional photograph nick crystal 20 of parallel-crosses structure is formed by 
joining land parts 22a and 23a and Slots 22b and 23b. Drawing 7 is the top view showing this two- 
dimensional photograph nick crystal 20, and the lap conditions of land parts 22a and 23a and Slots 
22b and 23b differ, namely, the two-dimensional periodic structures 2 Id, 21e, 2 If, and 21g (a slash 
is attached and shown, respectively) from which a refractive index differs, respectively crowd in the 
shape of a checker, and it is arranged. 

[0037] By such the two-dimensional periodic structure, light diffracts the 2nd order, and resonates, 
and field luminescence is carried out by primary diffraction. In this primary diffraction, as shown in 
drawing_6 , generating of the primary diffracted light L2 is suppressed, outgoing radiation of more 
primary diffracted lights LI is carried out, and the use effectiveness of light improves. 
[0038] When the cross-section triangle-like object which constitutes parallel crosses is processed on 
multistage by the photolithography method shown in drawing 4 , according to the mast lance port 
effectiveness, it extinguishes the level difference section and should just form an inclined plane. 
[0039] (Other operation gestalten) in addition, the two-dimensional photograph nick crystal-face 
luminescence laser concerning this invention and its manufacture approach are not limited to said 
operation gestalt, within the limits of the summary, can be boiled variously and can be changed. 
[0040] Especially the ingredient of a semi-conductor layer, a photograph nick crystal, and an " 
electrode, the structure for arranging polarization of light, a grid configuration, etc. are arbitrary. 
Moreover, although said each operation gestalt showed the example which prepared the photograph 
nick crystal period structure in the lower cladding layer, you may prepare in the barrier layer near the 
barrier layer in an up cladding layer. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the important section of the two-dimensional photograph 
nick crystal-face luminescence laser which is the 1st operation gestalt of this invention. 
[ Drawing 2] The sectional view showing the important section of the two-dimensional photograph 
nick crystal-face luminescence laser which is the 2nd operation gestalt of this invention. 
[Drawing 3] The sectional view showing the important section of the two-dimensional photograph 
nick crystal-face luminescence laser which is the 3rd operation gestalt of this invention. 
[Drawjng_4] The explanatory view showing the processing process of the photograph nick crystal 
period structure in said 2nd operation gestalt. 

[Dra wing 5 ] A continuation of the explanatory view showing the processing process of the 
photograph nick crystal period structure in said 2nd operation gestalt and drawing 4 . 
[Drawing 6] The perspective view showing the two-dimensional photograph nick crystal-face 
luminescence laser which is the 4th operation gestalt of this invention. 

[ Drawing 7] The explanatory view showing the two-dimensional photograph nick crystal in said 4th 
operation gestalt. 

[Drawing 8] The perspective view showing the two-dimensional photograph nick crystal-face 
luminescence laser preceded with this invention. 

[Drawing 9] The explanatory view showing a resonance operation of two-dimensional photograph 
nick crystal-face luminescence laser. 

[Drawing 10] The sectional view showing the photograph nick crystal period structure in the surface 
emission-type laser shown in drawing 8 . 
[Description of Notations] 

10 — Two-dimensional photograph nick crystal-face luminescence laser 

1 1 ~ Substrate 

12 — Lower cladding layer 

13 — Barrier layer 

14 — Up cladding layer 

20 - Two-dimensional photograph nick crystal 
21a-21g — Photograph nick crystal period structure 
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[Drawing 1] 
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1 ^@*/T)tL 2£«1*, ^CD»±73^<D 1 <ftHtifTttL 1 




1 

jgftSrfil*. fc 2 #tc7 * h - y *«A9»ft U— tftctj 
3 ] 7 * b - y ^^alMIW«ji<**WSIi t? 

tzmxm i sEm<o 2 #tc7 * h - y ^SAffifgft u- 

-fo 

im#m 4 ] M 1 E«© 2 #7c7 * h .=. -y * its a 

[fflttRJR 5 ] M#Jg 3 iZm<D 2 #7t7 * h - «y jrffiA 
W«iStt:€:«fi8-r*=ftJB«ft:*7* h 'J V 4^5 7 -r ft 

2 #te7 * h - -y **SAffi»Jt U— «f ©Blifi^ffi. 
[0001] 

fit*, 7* H-y*ttAKJ:9««LTBBRit-r4 2:* 

-rs 0 

[0 0 0 2] 

£nsfc46, Myijftfcf-y MyiJrte^ rtMPJ 

[0 0 0 3] C«McOffi5g>tU-+)-"i:bT, 7*h^-y 
frtSAfcWffl Lfc 2#7t7* h--y *ISAffi«}fcU— «f 
0 00-332351 ^SStC&flTj^nTl^ 
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2 

&.7tfsmmm{*T- (i¥*fto«s a * t-i?«ic / ^ > k 

ft* 2 ^TcXti 3 C C *>>S C itfolfsrcfe 

So 

[000 4] fluIB^fSISKO 2 ^?t7 * h ^>y **SAffi 

10 «ftfl)««it(*:*«*, 7* hiy^«Sfl»c«tt)««L 
[0 0 0 5] *{*6*JJC«\ H8fC;jVf i-ptc, C<D2?K 

fc7* b-'ytm&wftyti'— *r 1 o«\ w& sffii 

1 ±KTffl5*-5-y KB 1 2, S14B 1 3, ±SP?7-yK 
ill 4A<«B<**U 2tC(iSttHl 3 

2 #te7 * K^-y**SA2 OtfrtifrfnT^ 

So 

[0 0 0 6] Sffi 1 lit, mZl£, nSl n P£>¥«tt 
tt*4fr?>&So TSB^v-y Kg 1 2Rtf±»*5-y KB 
20 1 4H\ tfljfcfcf, ^-n^n n^&t/p§y I nP£>¥«S& 

h^-y?*SA2 0«, TgP^^-yFBl 2 lC7B/£Lfc£ 
7L (7*h=.-y^««HW«iaf*2 1) tCTffifiit^n, 
TgR^5-y KB 1 2 fc(4Ja«r*oaa*»H^2^7cO 

^JLl^tctSS i Nl|*3 ! E«LTt<i:0\ Sttll 3tt, 
CT^{4\ I nCaAs/I nGaAs P^cO##<*«« 

axtcfco^Tfrso 

30 [0 00 7] =7 -y Kg 1 2 &tf±g|5^ 5 -y KB 1 

1SB1 Stc^^-BrScfc^tc^oT^So 
[0 0 0 8] 1 1 <DJSSRt;±g|5^5-y KB 1 4 <D 

^^nxvSo fSffii 6, 1 7H{citE*Eni!jp-rsc 

ttCfcOSttBl 3^aftU KiSttll 3^6SWlft 
ftttZ&jir?* h^-y^*Sal2 OtcXW-TSo 2^7C7 
* h-'y^!SII2 0 OtS^iailfciSS^— gcTSftti, 
40 2&7C7* h^-y*a3S2 0{C,}:»yttJ§LT«H£n 
So cntcJcD, ±»^7vKll 4C0±ffi (lil 7 
(OglHtcffiS-rSfgftffiil? 1 8) ft^at-l/Vh^ 

^ffifgft^nso 

[0 0 0 9] CCT\ 0 9tC^-f<i;3^:IE73«S^e)^ 
S2^7t7* h^-y^*g B B B 2 0tcOt,^Ttt^ffl*ittW 

[0 0 10] 2^7c7*h-.y^iBa2 0l4, Wl«E« 

1 2mc^nm<om2mm2 1 tiS3Sfs2 7tf6]ii:isiD 



3 

-XJjfZlt r-M^(6)(D«aW^|S]^WUTI/^o r 

g#ts? e # am s n r 5 0 

[0 0 1 1] ttfiAtfS*tt? EeO^WPBafC-a-t 

*«L*<r-x^h:jiRt4fc. 3fcLfcH&?jfi-e2* 

IH|J/T^n5„ C(D?^ ft L ©31*7/3 ftlC*fLT0\ 
±90\ 1 8 0*O^|6]lC|slSf Ztirzft.(Dfrtf75>v 
?8ift*ffifz-t a 0\ ±9 0°, 18 0°© 

^iRitciHiflf*tifc}tojiff^ria»ct,«^««^r*fc 

46, 0jff#teffffij§f?£|njtc*tLTO\ ±9 0°, 1 
8 0°^lS»ClaJ#r-r* o 

[0 0 12] «L*«l|HlXtta»iaO 2 35?l3«T*»0iS 
7ttf±g|5*5-y FBI 4^LTffiW^n> SD%tt«fig- 

£usrc46, srti«T3t-i/>h4i/- tffgfitfnr 

[0 0 13] 

Ell Olc^f iSfc, !3#|®fcttT5fitt73*lRl©»r 
[0 0 14] C(D<fc-5fC, Jll8flfj£{*2 l<DStt»fffiS 
ftL 1 tT^oaiWJtL 2{Cp)i;3&fi (5 0%Rt>*5 

0%) T'»*>ns. u— fyttLrmmztizmmm 

ft L 1 . L 2 <D^-ft\fr-ft?$> 0 , Jfc©fiJffl«W*MS 

[0 0 15] *CT\ *SSW<0BW»4, ffifgftSft-Sft 
©fUfflSSb^Sfc 5 0 %J-X±{Cif;463 CtOft5 2 ^7C7 

* h - ?tsAs»ft u— if at;* ©mis* fe^a^-r 

[0 0 16] 

46, *^Wfc^«2^7t7* h->v!7m£kW5Z¥tU-*f 
it. * J rV7(D&.\lc&?>ftyt-?%>iS&m*?^v KB 
T-tt^jA*, ^*7'V KBX»iKSteB£2#7tWfc:H 

[0 0 1 7] C<D2^tc7* b-.j/*fgi|®f£ftU— tf 
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4 

zm*i-£?t3-£tcftm®m?3b r> z t * ^„ 

[0 0 18] 2 *7C7* h = -y*eBflB"58 

ftb— 1f»«:fcl,*T»4, S14^^?>iinfc:^7^ h^-y 

^?s e a a £Daw«3iwc«}:oT2^i5i«T Lxmm 

teoT^LT^5fc46, Jgffl73l6KVD 1 &EHlTtf«l* 
SftT8tf=ftlBtt©]Hj6#lRl^.fc!>£< l^HffrStt' 

30 {tot, s^73(6]tc 1 3fcE#r zti*yt*m?tyt£ L 
10 rfijffl r s c£»c i 0, 5 o%y.±<Dmm%)^*m % 

[0 0 19] -73, i)gB2^7t7* h^-y ^SSAffiJgft 
U— tftt, 7* e««)««IJBf**efliffiK:3*-r 

[0 0 2 0] 7*h.=.-y*iSllffl»Mijfifl:*«ffi 
«ff=fcJB##*Sfa£fe-&fc#ffiMII3ti: Lfc 2 ^fc7 
20 * h-7^^ffiS*U- «f«, 7*h-yW B SM 
«3fitt*<IMtt- SHft JfJ^f** 7 jI- h U V ^ 5 7 -r ffiT* 
^fiSKiplLfcEg, HSftStCfcoTia 
«W*fH«S-&TflMBHE*»«f 3 c t te J: K> W&t 3 

[00 2 1 ] 

[0022] cmi mmmm. m 1 ^f^c^ 
30 2 ^7t7 * h - y ^ssssuft u-if ©s*s 1 mmmm 

It, Einc*oggp»rS%^-r«k'5tc, 7^h^-y^*S 
HJl^«3ttt2 1 a©*SHffi^3«fr*SiS/3|p]0»iffiJB 
«^H^Jg«t LfctOTSD, a^«3t»2 1 a«T 

ai7 7 7Kii 2cis?nTi,^„ ^©fffio^fiSttiii 

8K^U/-c2^7c7* h--y^^HE5l)leb— tf 1 0 i: 

[0023] 0 8IC/^L fca^«jfi<* 2 1 tiRSS4«Cx 
40 SB«Jit*2 1 att^n&Ofl^KttfcLfcnaiJBtt, M 

31 2 1 tra«»ca^-r**«, awm5t{*2 1 ch^jk 

HftJBttOIHjS^r^ J: (5 ^ < <D 1 i^HSf^ L 1 #tB« 

$ns„ enter, ^<DfijfflS5d^r6]±-r zcticn 

[00 2 4] 2 USS^^, m 2 #B8) 
2 Xfc7 * h - y *«AB»ft U— «f OS 2 HfiSSffi 

0 2(c*cDSgBB?ffi^-r«totc y*b-v?m 

50 B B J a^<fiilf*2 1 b©^siBSfcW-rSSia77(njOKffifl5 



5 

asajtu— «f i otm*mffitft%mc< u isoa<o*t 

[0 0 2 5] #Sfl2f|jfc}gfgT-©Ji«lSjfi{*2 1 b&fl 

r-fe 5o bhie^ i jb tt$$f st, i &a«r% l 

Bttnmmffimwz 1 fcjt^*t}t©?ijffl«!i*ttG]_ti, 
[0026] (sb 3 mmmm. m 3 ^aHtcflts 

2 * h =. -y *ttAB5%tt U-if ©» 3 MkiBtt 

Hft ffittlc ififH L 2 Jf2tt t L fc CO X'ib t> , Ml 
JW«jfif*2 1 cttT»*5-y F/f 1 2 tcJBfiJcSftT^ 
-So J €-<0ffiO1llfiK«ia8JC^Lfc2^7c7* h^-y^*g 

as«)teu— *f 1 0 tm*<tjmi£*fflc< u raa©» 

So 

[0 0 2 7] #fg3l|J&J&ffiT*©S|j«8t3I{*2 1 c tP3 

[0 0 2 8] (Mii^ffi, 04, B5#D CCT% S5 
I2S 2 mfaBm-Z'TnLfc 2 ^k;? * h r. -y tfegkffiftyt 

[0 0 2 9] Sf, TSPf v-y KJB 1 2 b±tcUi/'Xh 

3 1 %m*HL (04 (A) #M) , ISU^Xh3 1 £A 
^--^ytfc^ (04 (B) *gg) , TSPf5-yKJB 

1 2 b*m^ax-y^>ysas-rs (04 (o # 

[0 0 3 0] ^c, U->'X h 3 1 *|»£U Wife* US' 
Xh3lMftL (@4 (D) £&) , ISU^X h 3 1 
% /< £ - - > y-T § £: « K 2 6 Rfr^fflx y 9- > >f9Bm 
?2> (0 4 (E) „ 

[00 31] JWc, U->-X h 3 1 *|»*U *rfc4U$> 
Xh3 l^MfFfL (04 (F) #«D , l£U^Xh3 1 

L (04 (G) , U-> - Xh3 1 ^K^fS (04 
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6 

(H) « CtUCT, Tff*5y K«l 2btC3& 

tr^S-v FflSttcD?* K^<y^$S B B B MIW«jii*2 1 btf 

[0 0 3 2] ^coifc, TSG^-y F« 1 2 b£*g£& 
«■& (0 5 (A) #M) , S«l l±tca^^tlTt>5 
TgP^^ y FJf 1 2 a±JCTg|5^^ y FJf 1 2 b^B$g 

(0 5 (B) pm) . 7tfiRLfc«fi|«0 5 (C) 
l,C7ntttS0T&Z> o *i3, TSP^^-yF^l 2 blcte 
iStt^ 1 3Rt>"±gp^5"y F® 1 4tf^tbmmZtiT^ 

io §„ tcomc s m8ic7jkLrz£vi,c, mm 1 1 <d 

TffifcTgP^Sl 6^iStt6n. ±g(5^7-y FS l 4<D 

±mic±^mm \ 7^i3tten^ 0 

[0 0 3 3] Sfc, TSPf 7-y Fg 1 2 b^r7* h U V 

[00 3 4] InP> InGaAs, InGaP, In 
As, GaAs, GaP, A 1 G a A sl?cDlII-Vj&¥ 
20 ^fi, 7j<^^x, S*;tf*&SWi«;*rx©»HSW' 
T\ 4 5 0 °CJ-X± 3 0 ^J-X±cO^J!lS*iDK. 5Ci:T'^ 

T3SS 4 **S»88-P©«f6JS©»J«xeTfe Btf 

[0 0 3 5] (|g4*$Sm^ 06, 07#M) 

tc^s 2 * t- - -y ^ssBisfgyt u— y ©a 4 mm 

0 6tc^-T«k-5lc, TgP^-7-yFJll 2 a. 1 

JBt»c©Bg|5 2 2 a , 2 3 a&t>*?tg(52 2 b, 2 3btC«fe 
30 o TJttfftSjgco 2 ^tc7 * F - «y •y'SSII 2 0 %«dc Lfc 
tC0T$>i)„ ^cOflfico<g^tt0 8»C^Ufc2^7£7* h 

0 8 ^ |r! caswtc fipi u?9#*MTf* nri> s 0 

[0 0 3 6] Ri35 2 2 a, 2 3 a RtfjfgB 2 2 b , 2 3 
btfft^SnSC ?ttff«iiO 2 ^7C7 * h- 

vi7%£&2 OA^fig^n^o 07(iC£D2^7t7* 
•y*$S.H2 O%^-T¥ffi0T*feO, ^BP2 2 a, 2 3a 
Sr>*«gP2 2b. 2 3 bC0a%0^OS*S, 
40 JiT^A^n ; PnS^5 2^7T;COMI^iH*2 1 d, 2 1 
e, 2 1 f . 2 1 g UTS**) A^m 

[0 0 3 7] COJ:5a23Ji:7EOHW«jaf*KJ:-3T)tt 

CCD 1 ^BflTlCfclz-'T, 06^^-r«k-9fC, l^[elflT)t 
L 2 CD5€£*<«]* J: 0 ^ < CO 1 ^Et/Tft L 1 A^lti 

[0 0 3 8] »ffi*«ia-r*Brffi=ft»«#«, 0 4fC 



[0039] (mvnm&m) *9ef&cfl& 2%. 

te7* H-y^lSJIllIWfcU— ♦f&tf^OKifiT? Steffi 
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8 

[0 6 ] *ftW<Dm 4 mm&&?& S 2 &7C7 * h y 
7 ] fitjIEIfS 4 HflgJgftgT'© 2 &7E7 * h^-y 

[0 9 ] 2 * h - <y *«IMBBft U~»f ©«W* 



SSl*Tfc<Ja\, 
[HEOja^^lMW] 

[la i ] *&w<Dm i mmm-&h% iwvj* h— » 

[02] *aWOS2*SS>BJBT**2^7C7* h--y 

[0 3] *»WO»3*«i*J«r**2*7C7*hi'y 

[0 4] miB82Xffigtt-?«)7* h--y*tS»fl»MII 
ifi»©iPXXa*^-«ttWH. 20 

[0 5 ] Huiem 2 mmmmvcoy^ h--y fm&mmm 



1 l -s« 

1 2-T»*^y Kg 
1 3-igttJB 

1 4-JJ>5» K* 

2 0-2 ^7C7 * h ^ -y 

2 1 a~2 1 g-7* h-<»9t&&mimMt 




[0 5] 




(A) 




(BJ 






11 » 
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